The retardation and arrest of fermentation, observed before the complete sugar consumption of high-sugar grape must, come from an inhibition of the yeast metabolism during its decline phase and are variable with the strain. The addition of nutritional growth factors stimulates the initial growth of the yeast but is ineffective in the decline phase. Some substances, known previously as yeast anaerobic growth factors (sterols, oleanolic acid, oxytocin), in some conditions (initially aerated grape must and aerobically cultivated yeast) act by increasing the viability of the resting cells and prolonging their fermentation activity. These substances have been named "survival factors."
The retardation and arrest of fermentation, observed before the complete sugar consumption of high-sugar grape must, come from an inhibition of the yeast metabolism during its decline phase and are variable with the strain. The addition of nutritional growth factors stimulates the initial growth of the yeast but is ineffective in the decline phase. Some substances, known previously as yeast anaerobic growth factors (sterols, oleanolic acid, oxytocin), in some conditions (initially aerated grape must and aerobically cultivated yeast) act by increasing the viability of the resting cells and prolonging their fermentation activity. These substances have been named "survival factors."
Until now, only cellular multiplication and the factors which influence it have been considered in the stimulation of yeast fermentation, but these factors alone do not resolve all the fermentation difficulties (especially those found in grape must of high sugar concentration) that are manifested as the retardation and premature arresting of the fermentation. Fresh grape must imposes particular conditions of growth on the yeasts of a spontaneous fermentation. This work analyzes the growth of yeasts in the grape must and presents the concept of "survival factors," in an attempt to achieve a better interpretation of these fermentation difficulties. (Fig. 1, b ) of 6 days, during which the viable population was maintained higher than 2.6 x 107 cells per ml and the total cell population was almost stationary in number; and (iii) a decline phase (Fig. 1, c) vators. In the same must as used above (Fig.  2) , the maximum population with activators was increased by 14% on day 5, when 18 g of sugar per liter had been fermented. The same difference between the fermentations was maintained during the quasistationary phase, but it decreased during the decline phase. In the termination phase of fermentation, the quantity of fermented sugar was about the same as in the unenriched grape must.
MATERLALS AND METHODS
(iv) The concept of survival factors. Sterols (ergosterol, lanosterol, cholesterol) and oleanolic acid, which is an essential constituent of grape cuticle wax (9), were added to grape musts fermenting with or without air contact.
When must was initially deprived of oxygen by heating and then inoculated with anaerobically cultivated yeast, these compounds acted as growth factors; the maximum yeast population doubled (Fig. 3) , resulting in more rapid and complete fermentation.
However, these same substances, as well as the peptidic hormone oxytocin, acted differently when they were added to an aerated grape must, inoculated with the indigenous yeasts (Table 1) . Under these conditions, no differences were noted in the maximum populations nor in the rate of the fermentation during the first stage. However, in the second stage, which corresponds to the decline phase of the growth cycle, a more important population was observed (2 to 10 times larger at 25°C) in the presence of additives (Fig. 4) ; as a result, a greater quantity of sugar was fermented (F. Larue, third cycle thesis, University of Bordeaux II, Talence, France, 1978).
It was possible on the same fermentation to demonstrate both activities: growth activator (diammonium phosphate) and survival factor (ergosterol) (Fig. 5) . The growth activators increased the fermentation in the beginning, but did not intervene at the end; the steroids and oxytocin acted at the end of the fermentation. The association of the two allowed a more abundant population with a greater viability, resulting in a maximum of fermentation at all stages. DISCUSSION The yeast growth cycle in the high-sugar grape must was distinguished by the following characteristics: (i) long duration (40 days); (ii) moderate growth, even with a large amount of natural inoculum; and (iii) arrest of the growth induced by factors other than exhaustion of energy substrate in the medium. These characteristics allow an interpretation of fermentation during practical vinification.
After the handling to which grapes are subjected, the must, just placed in vats and before any fermentation begins, has a large cellular concentration, on the order of 106 to 107 cells peiL ml (3, 6, 8) . The high sugar concentration means that it is necessary for the yeast to ferment longer during the decline phase to obtain the required percentage of alcohol; in addition, the nutritional capacity of the must can be reduced, for instance by must clarification (11) or by development of Botrytis cinerea on the grape.
Normally, the fermentation of the grape must is rapidly completed when the sugar is at the usual concentration (<200 g/liter), and the must can be completely fermented during the growing and quasistationary phases of yeast growth. But when the concentration of sugar is higher, the fermentation depends to a great extent upon the metabolic activity of resting cells, whose viability decreases constantly. The above-mentioned examples were extreme cases, but in practice one meets many examples of reduced fermentation after 10 growth activators (ammonium monophosphate, thiamine); (*) plus ergosterol; (*) plus ergosterol and the beginning. The addition of nutritional growth activators stimulated the multiplication of yeasts and also activated the fermentation from the beginning (10) . In grape must of high sugar concentration, however, these activators had no influence on the last stages of the fermentation, because their effect was too limited to prevent the arrest of fermentation.
(ii) Certain strains of yeast (S. bayanus), less susceptible to inhibition by the conditions of the medium, pernitted the consumption of larger quantities of sugar. Consequently, the importance of using a yeast inoculation did not depend on the increase of the initial biomass if the cell concentration was higher than 104/ml. The importance of this inoculation was mainly correlated to the specific characteristics of the strain inoculated.
(iii) With regard to steroids and oxytocin in nutritional growth activators.
the aforementioned conditions, they did not function like growth factors (1, 2, 4, 5), since they did not influence maximum populations. They affected only the viability of populations during their decline phase, and thus, in grape must of high sugar concentration, they allowed the fermentation to proceed for a longer time (7), which is an important problem in wine making. We proposed the term of survival factors for steroids and oxytocin. Along with the growth activators they permitted maximum stimulation of fermentation. 
